ABSTRACT -This study analyzes the chemical carcass characteristics and carcass losses in 86 cattle, both castrated and non-castrated, with an average initial weight of 329 kg and an average age of approximately 20 months, including 12 Gyr, 20 Guzerat, 20 Nellore, and 20 Caracu among the herds selected for weight determination at 378 days of age, as well as 14 Nellore cattle that were not selected. The diet contained a roughage-to-concentrate ratio of 60:40 in terms of dry matter (DM), with 14.8% crude protein as a percentage of DM and corn silage as roughage. A completely randomized 5 × 2 factorial experimental design was used, including five breeds and two sex classes. The following values were determined: losses due to the trimming of commercial cuts and cooking; shear force; the temperature and pH of the meat; and the chemical composition of the Hankins and Howe section (HH section). The castrated animals exhibited greater losses from the front trimmings compared with the non-castrated cattle. There were no differences in the final pH values of the carcasses among the breeds, although the noncastrated animals exhibited higher values than the castrated ones, likely because non-castrated animals were more susceptible to stress. The final pH remained within the range considered optimal for all of the carcasses studied. No differences were observed in the shear force among the breeds or between the two sexes. When appropriately managed, zebu breeds are capable of producing tender meat, thus meeting the demands of the consumer market.
Introduction
Currently, most of the cattle breeds raised in Brazil have the potential to produce carcasses that meet the minimum classifications desired by slaughterhouses, with the exception of small-size heifers and steers.
Fat is important up to the point of providing the fat cover of an animal, resulting in a better-quality carcass. However, as it is considered a byproduct, excess fat increases the cost of meat for the consumer and requires more cleaning of carcasses prior to weighing and paying the producer.
Another important factor in meat production is the preservation of the carcass after slaughter. The conventional processing of cattle carcasses includes refrigeration immediately after slaughter to achieve a temperature of approximately 7 °C in the muscular mass before the meat is processed or brought to market. This cooling is aimed at ensuring the hygienic-sanitary safety of the product, though it may result in excessive contraction of the sarcomeres, resulting in tougher meat.
The events that occur in the carcass after slaughter, such as the decline in pH and temperature, are closely related to the meat quality (Resende et al., 2002) , because the capacity to retain water is influenced by these aspects. Water retention, in turn, is what maintains the juiciness of meat and reduces nutrient losses. Therefore, temperature and pH should be maintained at values such that the quality of the final product provided to the consumer is maintained.
The Brazilian researchers must strive to develop studies related to the post mortem period in cattle, since the largest slaughterhouse companies in the world are now located in Brazil, while it is believed that the product that is sold still needs to achieve a better quality. When this objective is met, the profits from exportation may be greater, without necessarily implying increases in the sizes of cattle herds or the number of carcasses sold.
This study was developed with the objective of determine the losses due to the trimming of commercial cuts; the losses due to cooking-evaporation and dripping; the shear force, temperature, and pH of the meat; and the chemical composition of the Hankins and Howe section (HH section) of animals of five breeds: Gyr, Guzerat, Nellore, and Caracu, selected for weight determination at 378 days of age, and unselected Nellore cattle, including castrated and non-castrated sexual conditions.
Material and Methods
A total of 86 animals with an initial average age of 19.8 months, from the 18th progeny of Gyr (12), Guzerat (20) , Nellore (20) , and Caracu (20) herds selected for weighing at 378 days of age and a Nellore (14) herd that did not undergo selection, were used. The animals were obtained at the end of a weight gain test in 1999 performed at Sertãozinho, state of São Paulo, Brazil, following the criteria described by Razook et al. (1997) . Half of the animals from each breed were castrated immediately after the final weight gain test in October 1999. After an adaptation period, confinement began, and the animals were randomly paired according to their breed and sexual category in pens with total areas of 30 m 2 , with 8 m 2 of covered area and concrete feeders and drinkers.
The experimental diet contained 148.0 g/kg DM of crude protein (CP) and had a roughage-to-concentrate ratio of 60:40 in terms of dry matter. The experimental ratio was calculated based on the nutritional requirements proposed by the National Research Council (1996) for an estimated live weight gain of 1.0 kg/animal/day (Table 1) . The feed was provided ad libitum twice daily at 07.00 h and 16.00 h.
Samples of foods offered were collected weekly for chemical analysis ( Table 2 ). The contents of moisture, crude protein (CP), neutral detergent fiber, ether extract (EE) and ash (MM), were determined according to methods described by Silva and Queiroz (2002) .
At the beginning of the experiment and at 28 day intervals, the animals were weighed after fasting for 18 hours, and the thicknesses of the subcutaneous fat cover and the loin-eye area were monitored by ultrasound in real time. The equipment used was an ALOKA 500V (Corometrics Medical Systems, Inc., Wallingford, CT) with a 3.5 MHz transducer of 17 cm in length, specifically developed to collect images in animals (Izquierdo et al., 2000) . The animals were slaughtered when the average thickness of the subcutaneous fat of the animals per pen reached 4 mm.
The animals to be slaughtered were not given feed or water for at least 18 hours prior to weighing, and they were sent to a commercial slaughterhouse after their weights were obtained. After being confined, each animal was rendered unconscious by brain stunning and then hung for subsequent bleeding by jugular venipuncture. The carcasses were then divided in half and weighed to determine the hot carcass weight. The hot half carcasses were subsequently transferred to a refrigeration chamber, where they remained for 24 hours, at which point they were weighed again.
After being refrigerated for 24 hours, the right half carcasses were separated into the following primal cuts: pistol style cut, short ribs, and forequarter (five ribs).
A cut between the 9th and 11th ribs (HH section) was removed according to the methodology proposed by Hankins and Howe (1946) , and the muscles, fat, and bones were mechanically separated, and weighed. The HH section was ground after mechanical separation, and a sample was removed and stored. The samples of the HH section were properly identified, freeze dried, ground with dry ice, packaged, and stored in a freezer. Chemical analysis of the meat was performed in these samples, including the CP, EE and MM according to Silva and Queiroz (2002) .
In the pistol style cut primal cuts obtained from the right half carcasses after 24 hours of refrigeration, the pH and temperature values were measured for the top round and sirloin cuts with an 1120-X pH meter (Mettler Toledo).
The losses due to trimming were determined after boning the primal cuts, including the forequarter, shoulder, and pistol style cut, using the difference in weight between the dirty (without fat trimmings removed) and clean (after the removal of excess fat to comply with the domestic market standard of a fat thickness of 3 mm) commercial cuts, expressed as a percentage of the weight of each commercial cut and of the weight of the right half carcass.
A qualitative analysis of the meat was performed by measuring the shear force and the losses due to cooking of sirloin samples removed between the 12th and 13th ribs. The shear force was measured on a Warner-Bratzler Shear device with a 25 kg capacity.
A completely randomized 5 × 2 factorial (breed and sex) experimental design was adopted. The data were statistically interpreted using analysis of variance with F test at a 5% probability, and the means were compared using a least significant difference (LSD) test at a 5% probability. The general linear models (GLM) procedure in SAS (Statistical Analysis System, version 8.9) was used for both tests.
Results and Discussion
The losses due to the trimming of the pistol style cut and the commercial rump cuts (prime rib, skirt, and shank) revealed an interaction between the breed and the sexual condition. There was no interaction for the remaining variables. Therefore, these two effects were considered to be independent.
There was a difference in the total losses due to the trimming of the pistol style cut among breeds, but only for non-castrated animals. The unselected and selected Nellore animals exhibited the greatest loss percentages, of 5.38 and 5.35 kg/100 kg of carcass, respectively. This effect was probably due to the greater accumulation of fat in these breeds (Table 3) . It was also observed that castrated Caracu cattle had greater losses than the non-castrated individuals of this breed (Table 3) .
The breed and sexual condition had an effect on the losses from the forequarters. The Caracu breed and the noncastrated sexual category were associated with the smallest losses, likely due to the lesser accumulation of fat in these animals ( Table 4 ).
Note that the data provided above regarding the cleanliness of the cuts and, consequently, the percentage of losses due to trimming may not be very reliable measurements due to the lack of standardization of the procedure, given that it was performed by employees of a commercial slaughterhouse following their internal procedures and by several employees at the same time. Therefore, there could have been incorrect removal of intermuscular fat from any of the commercial cuts by one employee compared with the others. However, at first, this source of variation (or possibility of error) was the same for all of the cuts and animals in question. To minimize the sources of variation, a procedure was adopted in which the trimmings had to be removed to meet the standards of the domestic market.
When the literature was reviewed, no suitable studies were identified for comparison, though the results demonstrate the need to evaluate the losses due to trimming, which may lead to greater costs for commercial cuts if the losses are excessive. The minimum amount of fat cover is the cover that provides protection of the carcass during the refrigeration process (Luchiari Filho, 2000) and minimizes losses during "cleaning" of the carcass. In addition, excess fat decreases the feed conversion efficiency during the finishing process.
There was no difference among the breeds regarding the temperature values for top round and the sirloin (Table 5 ). The temperatures obtained were between 7.56 and 8.7 °C for top round and 7.41 and 8.02 °C for sirloin. The temperatures obtained were higher than the values found by Costa et al. (2012) .
However, the cuts from the non-castrated animals exhibited higher temperatures than those from the castrated cattle after 24 hours of refrigeration.
In the refrigeration process, the carcass is refrigerated immediately after slaughter to achieve a temperature of approximately 7 °C in the muscular mass of the meat before the meat can be processed and sold. The purpose of this refrigeration is to ensure the hygienic-sanitary safety of the product, although it may result in excessive contraction of the sarcomeres, leading to tougher meat (Resende et al., 2002) . There was no difference regarding the final pH of the carcass among the studied breeds, regardless of the muscle analyzed (Table 5) . However, higher pH values were observed for the non-castrated animals than the castrated ones, which may be attributed to the greater susceptibility of non-castrated animals to stress that may have occurred in the moments before slaughter, promoting release of adrenaline and consequent exhaustion of muscle stores of glycogen. The decrease in pH is due to the use of these stores and their resultant transformation into lactic acid through anaerobic glycolysis (Garrido and Bañón, 2000; Luchiari Filho, 2000) .
It is important to control the pH because it is related to the color, tenderness, texture, and water-holding capacity of the carcass. The time necessary to achieve the final pH varies according to the species, rate of cooling, and level of activity prior to slaughter (Resende et al., 2002) . The final pH of the carcass should be between 5.5 and 5.8, indicating meat suitable for processing and consumption (Ciria and Asenjo, 2000; Luchiari Filho, 2000) . Therefore, the pH values measured for top round and sirloin in this study are within the normal range.
With regard to the cooking losses (Table 6 ), the only studied variable for which an effect was found was the breed. The dripping loss was greatest for the Gyr breed, followed by the Caracu breed. When the total losses and the losses due to evaporation were evaluated, it was evident that the selected and unselected Nellore cattle displayed the greatest losses, while the Guzerat cattle showed the lowest.
Working with the same breeds, Nardon (1998) noted no differences with respect to the total losses, finding an average total loss of 26.03 kg/100 kg of carcass. Brondani et al. (2006) , evaluating Hereford and Aberdeen Angus steers fed diets with 3.07 and 3.18 Mcal/kg DM intake, found no effect of breed or energy level (P>0.10) on the values of evaporation losses. The 10 and 11.02 kg/100 kg of carcass found by the authors for Hereford and Angus, and 10.37 and 10.64 kg/100 kg of carcass for the lowest and highest levels of energy, respectively, were lower than these of the present study. Igarasi et al. (2008) , evaluating non-castrated F1 Red Angus × Nellore steers fed diets containing high moisture corn silage or high moisture sorghum silage, also found no effect of treatment on evaporation losses and total losses. The values of evaporation losses between 14.97 and 15.48 kg/100 kg of Means in the same row followed by different letters differ according to the least significant difference test (LSD) (P<0.05). Means in the same row followed by different letters differ according to the least significant difference test (LSD) (P<0.05). Means in the same row followed by different letters differ according to the least significant difference test (LSD) (P<0.05).
carcass and total losses between 18.50 and 19.48 kg/100 kg of carcass were similar to the present study. The characteristics juiciness and tenderness, which are able to provide meats of higher quality, are influenced by handling after slaughter. The results of studies on the losses can be used to guide nutritional management and the crosses in beef cattle. But research results are scarce in the Brazilian literature, and are inconsistent with each other.
With regard to shear force, there were no differences among the studied breeds (Table 6 ). The shear forces measured in this study (3.60 to 4.57 kgf/cm 3 ) may be considered good, given that, according to Oliveira (2000) , meat is considered to be tender when the shear force is less than 4.5 kgf/cm 3 . According to Koohmaraie et al. (1995) , consumers consider tenderness to be the most important component of meat quality. Nardon (1998) The findings regarding losses due to cooking may also be corroborated in the case of the Caracu breed by the results of the chemical analysis of the HH section (Table 7) , which revealed that these animals had more protein and fewer lipids than the other animals. Considering that protein is associated with water in the muscle mass (Berg and Butterfield 1979) , it is clear that meat obtained from more muscular animals loses more water during cooking. Furthermore, there was an effect of the sexual condition: castrated animals had less protein and more lipids than non-castrated animals. This pattern was expected, given that castrated animals deposit fat earlier (Robelin and Geay, 1984; Owens et al., 1993) .
During growth, variations in chemical composition of the body are influenced by factors such as weight, age, breed, sex, nutritional status, body size and relative growth of carcass tissues (Fontes, 1995; Estrada et al., 1997; Paulino et al., 1999) . There were no significant differences detected in the amount of ash for any of the evaluated categories.
The Brazilian cattle herd is composed of a wide range of genetic groups that primarily include the Zebu breeds and their crosses with Bos taurus. Nevertheless, results of Nardon (1998), Jorge et al. (1999) and those of the present study (Table 7 ), show that it is possible to obtain standardization of meat, with respect to chemical composition, if the animals are fed and handled appropriately.
Conclusions
In general, no large differences between Zebu breeds and the Caracu cattle in terms of the total trimming losses in the primary cuts (forequarters, short ribs, and pistol style cut) are observed, and there are no detectable differences in the shear forces between breeds. The meat from bulls exhibit higher pH values than that from steers, demonstrating a greater propensity for the former animals to experience stress prior to slaughter.
